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Abstract 

A system and method for automated collection and analysis of regularly 
retrieved patient information for remote patient care is described. A set of 
collected measures retrieved on a substantially regular basis is periodically 
received from a medical device having a sensor for monitoring at 1^ one 
physiological measure of an individual patient The collected measures set 
mcludw individual measures which each relate to patient information recorded by 
the medical device. The collected measures set is stored into a patient care record 
for the individual patient within a database organized to store one or more patient 
care records which each include a plurality of the coUected measures sets. One or 
more of the coUected measures sets in the patient care record for the individual 
15 patient is analyzed relative to one or more other coUected measures sets stored in 
ibs database to determine a patient status indicator.. 



10 



0107-OI.qi3 



CA 02309409 2000-05-24 



SYSTEM AND METHOD FOR AUTOMATED 
COLLECTION AND ANALYSIS OF REGULARLY RETRIEVED 
10 PATIENT INFORMATION FOR REMOTE PATIENT CARE 



15 

Field of the Invention 
The present invention relates in general to automated data collection and 
analysis, and, in particular, to a system and method for automated collection and 
analysis of regularly retrieved patient information for remote patient care, 

20 Background of the Invention 

A broad class of medical subspecialties, including cardiology, 
endocrinology, hematology, neurology, gastroenterology, urology, 
ophthalmology, and otolaryngology, to name a few, rely on accximte and timely 
patient information for use in aiding health care provide in diagnosing and 

25 treating diseases and disorders. Often, proper medical diagnosis requires 

information on physiological events of short duration and sudden onset, yet these 
types of events are often occur infiequentiy and witii litfle or no ivaming. 
Fortunately, such patient information can be obtained via external, unplantable, 
cutaneous, subcutaneous, and manual medical devices, and combinations thereof. 
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For example, in the area of cardiology, implantable pulse generaton (IPGs) are 
commonly used to treat inegular heartbeats, known as anhythmias. There are 
three basic types of IPGs. Cardiac pacemakers are used to manage bradycardia, 
an abnormally slow or ixreg^ar heartbeat Bradycardia can cause symptoms such 
5 as Mgue, dizziness, and feinting. Implantable cardioverter defibrillators (ICDs) 
are used to treat tachycardia, heart rhythms that are abnormally fest and life 
threatening. Tachycardia can result in sudden cardiac death (SCD). Finally, 
implantable cardiovascular monitors and therapeutic devices are used to monitor 
and treat stnictural problems of the heart, such as congestive heart feUure and 
10 riiydmiproblons. 

Pacemakers and ICDs, as weU as other types of implantable and external 
medical devices, are equipped with an on-board, volatile memory in which 
telemetered signals can be stored for later retrieval and analysis. In addition, a 
growing class of cardiac medical devices, including implantable heart feihire 

1 5 monitors, implantable event monitors, cardiovascular monitors, and dier^ 
devices, are being used to provide similar stored device information. These 
devices are able to store more than thirty minutes of per heartbeat data T^picaUy, 
the telemetered signals can provide patient device information recorded on a per 
heartbeat, binned average basis, or derived basis fiom, for example, atrial 

20 electrical activity, ventricular electrical activity, minute ventilation, patient 
activity score, cardiac output score, mixed venous oxygen score, cardiovascular 
pressure measures, time of day, and any interventions and die relative success of 
such interventions. In addition, many such devices can have multiple sensors, or 
several devices can woric together, for monitoring different sites within a patient's 

25 body. 

Presendy, stored device information is retrieved using a proprietary 
intearogator or programmer, often during a clinic visit oc following a device event 
The volume of data retrieved fiom a single device interrogation "snapshot can be 
large and proper interpretation and analysis can require significant physician time 
30 and detailed subspecialty knowledge, particularly by cardiologists and cardiac 
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electrophysiologists. The sequential logging and analysis of regularly scheduled 
interrogations can create an opportunity for recognizing subtie and incremental 
changes in patient condition otherwise undetectable by inspection of a single 
"sn^shot" However, present approaches to data interpretation and 

5 understandmg and practical limitations on time and physician availability make 
such analysis impracticable. 

A prior art system for collecting and analyzing pacemaker and ICD 
telemetered signals m a clinical or ofiSce setting is the Model 9790 Programmer, 
mam&ctured by Medtronic, Inc., Minneapolis, MN. This programmer can be 

10 used to retrieve data, such as patient electrocardiogram and any measured 
physiological conditions, collected by tiie IPO for recordation, display and 
printing. The retrieved data is displayed in chronological order and analyzed by a 
physician. Comparable prior art systems are available from other IPG 
manufacturers, such as tiie Model 2901 Programmer Recorder Monitor, 

15 manufectured by Guidant Corporation, hidianapolis, IN, which mcludes a 
removable floppy diskette mechanism for patient data storage. These prior art 

systems lack remote communications fedlities and must be operated with tiie 
patient present These systems present a lunited analysis of tiie collected data 
based on a single device interrogation and lack tiie cqwbility to recognize trends 

20 in tiie data spanning multiple episodes over time or relative to a disease specific 
peer group. 

A prior art systrai for locating and communicating wifli a remote medical 
device implanted in an ambulatory patient is disclosed in U.S. Patent No. 
5,752,976 C^ye). The implanted device mcludes a telemetry transceiver for 
25 communicating data and operating instructions between tiie implanted device and 
an external patient communications device. The communications device includes 
a communication Unk to a remote medical s^jport network, a global positioning 
satellite receiver, and a patient activated Unk for peimittir^ patient initiated 
communication witii the medical siqiport network. 
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10 



Related prior art systems for remotely communicating with and receiving 
telemetered signals fiom a medical device are disclosed in U.S. Patent Nos. 
5.113.869 C869) and 5,336^45 ('245). In the '869 patent, an implanted AECG 
monitor can be automaticaUy inteirogated at preset times of day to telemeter out 
accumulated data to a telephonic communicator or a fiiU disclosure recorder. Ihe 
communicator can be automatically triggered to establish a telephonic 
communication link and ttansmit the accumulated data to an office or clinic 
through a modem. In the '245 patent, telemetered data is downloaded to a larger 
capacity, external data recorder and is forwarded to a clinic using an auto-dialer 
and fex modem operating in a personal computer-based programmer/intenogator. 
However, the '976 telemetry transceiver. '869 communicator, and '245 
programmer/interrogator are limited to facilitating communication and transferal 
of downloaded patient data and do not include an abUity to automatically track; 
recognize, and analyze trends in the data itself. 
15 hi addition, the uses of multiple sensors situated within a patient's body at 

multiple sites are disclosed in U.S. Patent No. 5,040,536 ('536) and U.S. Patent 
5,987,352 ('352). In 1bc '536 pateit, an mtravascular pressure posture detector 
mcludes at least two pressure sensors hnplanted m differoit places in the 

caniiovascular system, such tiiat differences m pressure with changes m posture 
20 are differentially measurable. However, the physiological measurements are used 
locally within the device, or in conjunction with any inq)lantable device, to effect 
a di«q)eutic treatment, hi the '352 patent an event monitor can include 
additional sensors for monitoring and recordmg physiological signals during 
arrlqrfluma and syncopal events. The recorded signals can be used for diagnosis, 
25 research or therapeutic study, although no systematic approach to analyang these 

signals, particularly widi respect to peer and general population groups, is 
I^esoited. 

Thus, there is a need for a systan and method for providmg contmuous 
retrieval, transferal, and automated analysis of retrieved medical device 
30 mformation, such as telemetered signals, retrieved m general from a broad class 
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of implantable and external medical devices. Preferably, the automated analysis 
would include recognizing a trend indicating disease onset, progression, 
regression, and status quo and determining whether medical intervention is 
necessary. 

5 "niere is a furflwr need for a system and tnefliod that would allow 

considoation of sets of collected measures, both actual and derived, from 
multiple device interrogations. These collected ineasuies sets could then be 
compared and analyzed against short and long term periods of observation. 
There is a fiirdm need for a system and method that would enable the 
10 measures sets fi)r an mdividual patient to be self-referenced and cross-referenced . 
to similar or dissimilar patients and to the general patient population. Preferably, 
the historical coUected measures sets of an individual patient could be compared 
and analyzed against those of other patients in general or of a disease specific peer 
group in particular. 

1^ Summary of the Lnventioi^ 

The present invention provides a system aiui method for automated 

collection and analysis of patimt information retrieved fiom an implantable 
medical device for remote patient care. The patient device information relates to 
individual measures recorded by and retrieved from implantable medical devices, 
20 such as IPGs and monitors. The patient device information is received on a 

regular, e.g., daily, basis as sets of collected measures which are stored along with 
other patient records in a database. The information can be analyzed in an 
automated feshion and feedback provided to the patient at any time and in aiqr 
location. 

25 An embodiment of the present invention is a system, metiiod, and 

computer-readable storage medium holding code for automated collection and 
analysis of patient information retrieved from a medical device ad^ed to be 
implanted in a patient for remote patient care. A set of coUected'measures is 

periodipally received from the medical device adapted to be implanted over a 
30 communications link which is interfiled to a network server. The collected 
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measures set includes individual measures which each relate to patient 
information recorded by the medical device adapted to be implanted for an 
individual patient The collected measures set is stored into a patient care record 
for the individual patient within a database server organized to store one or more 
5 patient care records. Each patient care record includes a plurality of the coUected 
measures sets. One or more ofthe collected measures sets in the patient care 
record for the mdividual patient is analyzed relative to one or more other coUected 
measures sets stored in the database server to determme a patient status indicator. 

The patient status indicators are then triaged and prioritized for an q)propriate 
10 level of alert and interaction. 

A further embodiment of the present mvention is a system and method for 

automated remote patient care using patient information retrieved fiom a medical 

device adapted to be implanted in a patient. One or more patient care records are 

organized in a database with each patient care record inchiding aplurality of the 
15 collected measures sets. Each collected measures set include indhddual measures 
which each relate to patient information recorded by a medical device adapted to 
be implanted for an uMiividual patient. A set of the collected measures 
poiodically sent from the implantable medical device over a communications Imk 
isreceived. The collected measures set is stored kito the patient care record in tiie 
20 database for the individual patient One or more of the collected measures sets in 
the patient care record for tiie individual patient are analyzed relative to one or 
more other collected measures sets stored in the patient care record of the 
individual patient Feedback based on the analysis of flie one or more collected 
measures sets is sent to the individual patient over a feedback communications 
25 link. 

A further embodiment of the present invention is a system and method for 
automated remote patient care using patient information retrieved from a medical 
device adapted to be implanted in a patient A plurality of patient care records is 
organized in a database with each patient care record mcluding a plurality of the 
30 collected measures sets. Each collected measures set mcludes mdividual 
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measures ^^ch each relate to patient information recorded by a medical device 
adapted to be implanted for an individual patient A set of the collected measures 
periodically sent &om the implantable medical device over a commimications link 
is received. The collected measures set is stored mto the patient care record in the 
database for the individual patient. One or more of the collected measures sets in 
the patient care record for the individual patient is analyzed relative to one or 
niore other coUected measures sets stored in other patient care records in ft^ 
database. Feedback based on the analysis ofthe one or more collected measures 
sets is sent to the individual patirat over a feedback communications link. 

A further embodiment ofthe present invention is a system and method for 
automated remote cardiac patient care using cardiovascular patient information 
retrieved fiom a cardiac monitoring device adapted to be implanted in a patient 
A set of collected cardiovascular measures recorded by and stored in the cardiac 
monitoring device adapted to be implanted is retrieved on a substantially regular 
basis and the collected cardiovascular measures set are periodically 
communicated over a communications link to a centralized server. The collected 
cardiovascular measures set is stored into a patient care record for the individual 
patient in a database coupled to the centralized server. A plurality of patient care 
records is organized in the database with each patient care record including a 
plurality ofthe collected cardiovascular measures sets. Each collected 
cardiovascular measures set includes individual cardiovascular measures which 
each relate to patient information recorded by the cardiac monitoring device for 
an individual patient One or more ofthe collected cardiovascular measures sets 
in the patient care record for the individual patient is analyzed relative to one or 
more otiier collected cardiovascular measures sets stored in the patient care 
records in the database. Feedback based on the arudysis ofthe one or more 
collected cardiovascular measures sets is sent to the individual patient over a 
feedback communications link. 

A further embodiment ofthe present invention is a system and method for 
automated collection and analysis of regularly retrieved patient information for 
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remote patient care. A set of collected measures retrieved on a substantially 
regular basis is periodicaUy received from a medical device having a sensor for 
monitoring at least one phj^iological measure of att individual p^ent The 
collected measures set includes individual measures which each relate to patient 
information recorded by the medical device. The collected measures set is stored 
into a patient care record for the individual patient within a database oiganized to 
store one or more patient care records vridch. each include a plurality of the 
collected measures sets. One or more of the collected measures sets in the patient 
care record for the mdividoal patient is analyzed relative to one or more other 
collected measures sets stored m the database to determine a patient status 
indicator.The present invention fecilitates the gathering, storage, and analysis of 
critical patient information obtained on a routine basis and analyzed in an 
automated manner. Thus, the burden on physicians and trained personnel to 
evaluate the volumes of information is significantly minimized while the benefits 
to patients are greatly enhanced. 

Still other embodiments of the present invention will become readily 
apparent to those skilled in the art firom the following detailed desoqition, 
wherein is described embodiments of the invention hy way of illustrating the best 
mode contenqilated for canymg out th? invention. As will be realized, the 
invention is capable of otiier and different embodiments and its several details are 
capable of modifications in various obvious respects, all without departing fiwn 
the spirit and tiie scope of tiie present invention. Accordingly, the drawings and 
detailed description are to be regarded as illustrative in nature and not as 
restrictive. 

Brief Description of the Drawings 

FIGURE 1 is a block diagram showing a system for automated collecti<Mi 
and analysis of patient information retrieved from an in^lantable medical device 
for remote patient care in accordance with the present invention; 

FIGURE 2 is a block diagram showing die hardware components of the 
server system of die ^ton of FIGURE 1; 
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HGURE 3 is a block diagram showing the software modules of the server 
system of the system of FIGURE 1; 

HGURE 4 is a block diagram showing the amdysis module of the server 
system of FIGURE 3; 

FIGURE 5 is a database schema showing, by way of example, the 
organization of a cardiac patient care record stored in the database of the ^ratem 
of nOURE 1; 

FIGURE 6 is a record view showing by way of example, a set of partial 
cardiac patient care records stored in Ha database of flie system of FIGURE 1; 

FIGURE 7 is a flow diagram showing a method for automated collection . 
and analysis of patient information retrieved from an inq)Iantable medical device 
for remote patient care in accordance with the present invention; 

FIGURE 8 is a flow diagram showing a routine for analyzing collected 
measures sets for use in the method of FIGURE 7; 

FIGURE 9 is a flow diagram showing a routine for comparing sibling 
collected measures sets for use in the routine of FIGURE 8; 

FIGURES lOA and lOB are flow diagrams showing a routine for 
conqnring peer collected measures sets for use in the routine of FIGURE 8; and 

FIGURE 1 1 is a flow diagram showing a routme for providing feedback 
for use in the method of FIGURE 7; 

FIGURE 12 is a block diagram showing a system for automated collection 
and analysis of regular^ retrieved patient information for remote patient care in 
accordance wi& a fiirlher embodunent of die present invention; 

FIGURE 13 is a block diagram showing the analyas module of the server 
system of FIGURE 12; 

FIGURE 14 is a database schema showing, by way of example, the 
organization of a quality of life and symptom measures set record for care of 
patients stored as part of a patient care record in the database of the system of 
FIGURE 12; 
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HGURE 15 is a record view showing, by way of example, a set of partial 
cardiac patient care records stored in the database of the system of HGURE 12; 

HGURE 16 is a Vem diagram showing, by way of example, peer group 
overlap between the partial jwtient care records of FIGURE 15; 
5 nGURES 17A-17B are flow diagrams showing a method for automated 

coUcction and analysis of regularly retrieved patient information for remote 
patient care in acconiance with a further embodiment of the present invention; 
and 

FIGURE 18 is a flow diagram showing a routine for analyzing collected 
10 measures sets for use in die method of FIGURES 17A-17B. 

Detafled Description 

FIGURE 1 is a block diagram showing a system 10 for autranated 
collection and analysis of patient information retrieved fiom an implantable 
medical device for remote patient care in accordance with the present invention. 
15 A patient 1 1 is a recipient of an implantable medical device 12, such as, by way of 
example, an IPG or a heart failure or event monitor, with a set of leads extending 
into his or her heart The implantable medical device 12 includes circuitry for 
recording into a short-term, volatUe memory telemetered signals, which are stored 
as a set of collected measures for later retrieval. 

20 F<» an exemplary cardiac implantable medical device, the telemetered 

signals non-exclusively present patient information relating to: atrial electrical 
activity, ventricular electrical activity, time of day, activity level, cardiac ou^ut, 

oxygen level, cardiovascular pressure measures, die number and of 
interventions made, and tihe relative success of any interventions made on a per 
25 heartbeat or binned average basis, plus the status of the batteries and programmed 
settings. Examples of pacemakers suitable for use in tiie present invention 
include the Discovery line of pacemakns, manufactured by Guidant Corporation, 
Indianqwlis, IN. Examples of ICDs suitable for use In the present invention 

include the Ventak line of ICDs, also manufectured by Guidant Corporation, 
30 Indianapolis, IN. 
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la the described embodiment, the patient 1 1 has a cardiac implantable 
medical device. However, a wide range of related implantable medical devices 
are used in other areas of medicine and a growing number of these devices are 
also enable of measuring and recording patient information for later retrieval. 
These implantable medical devices include monitoring and therapeutic devices for 
use in metabolism, endocrinology, hematology, neurology, muscularology, 
gastro-intestinalogy, genital-urology, ocular, auditory, and similar medical 
subspecialties. One skilled in the art would readily recognize the ^plicability of 
the present invention to these related implantable medical devices. 

On a regular basis, the telemetered signals stored in the implantable 
medical device 12 are retrieved. By way of example, a programmer 1 4 can be 
used to retrieve the telemetered signals. However, any form of programmer, 
interrogator, recorder, monitor, or telemetered signals transceiver suitable for 
communicating with an implantable medical device 12 could be used, as is known 
in the art In addition, a personal computer or digital data processor could be 
interfaced to the implantable medical device 12, either dkectly or via a 
telemetered signals transceiver configured to communicate with Ac implantable 
medical device 12, 

Usmg ±e programmer 14, a magnetized reed switch (not shown) within 
the implantable medical device 12 closes m response to the placement of a wand 
13 over the location of the implantable medical device 12. The programmer 14 
communicates with the inq)lantable medical device 1 2 via RF signals exchanged 
through the wand 14. Programming or interrogating instructions are sent to the 
implantable medical device 12 and the stored telemetered signals are downloaded 
into the programmer 14. Once downloaded, thie telemetered signals are sent via 
an internetwork 15, such as the Internet, to a server system 16 which periodically 
receives and stores the telemetered signals m a database 17, as further described 
below with reference to FIGURE 2. 

An example of a progranuner 14 suitable for use in the present invention 
is the Model 2901 Programmer Recorder Monitor, manufectured by Guidant 
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Corporation, Indianapolis, IN, vAich includes the capability to store retrieved 
telemetered signals on a proprietary removable floppy diskette. The telemetered 
signals could later be electronically transferred using a personal con5>uter or 
similar processing device to the internetwork 15, as is known in the art 

Other alternate telemetered signals transfer means could also be employed. 
For instance, the stored telemetered signals could be retrieved fibm the 
implantable medical device 12 and electronically transferred to the mtemetwork 
1 5 uang the combination of a remote external piogranmier and analyzer and a 
remote telq>homc communicator, such as described in U.S. Patent No. 5,1 13,869, 
the disclosure of ^ch is incorporated herein by reference. Similarly, the stored, 
telemetered signals could be retrieved and remotely downloaded to the server 
system 16 using a world-wide patient location and data telemetry system, sudi as 
described in U.S. Patent No. 5,752,976, the disclosure of which is incorporated 
herein by reference. 

The received telemetered signals are analyzed 1^ the server system 16, 
which generates a patient status indicator. The feedback is then provided back to 
the patient 1 1 through a variety of means. By way of example, the feedback can 
be salt as an electronic mail message generated automatically by ibs server 
system 16 for transmission over Ae internetwork 15. The electronic mail 
message is received by personal computer 1 8 (PC) situated for local access by the 
patient 1 1 . Altemadvely, the feedback can be smt through a telephone interfece 
deviM 19 as an automated voice mail message to a telephone 21 or as an 
automated &cslmile message to a &csimile machine 22, both also situated for 
local access by the patient 11. In addition to a personal computer 18, telephone 
21, and fecsimile machine 22, feedback could be sent to other related devices, 
including a network computer, wireless computer, personal data assistant, 
television, or digital data processor. Preferably, the fealbadc is provided in a 
tiered fashion, as fiuther described below with reference to FIGURE 3. 

FIGURE 2 is a block diagram showing the hardware components of the 
server system 16 of the system 10 of HGURE 1. The server system 16 consists 
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of three individual servers: network server 31, database server 34, and application 
server 35, These servers are interconnected via an intranetwoik 33. fctthe 
described embodiment, the functionality of the server sy^ 
amoi^ these three servers for ^ciency and processing speed, although the 
fimctionality could also be perfonned by a single server ore The 
networic server 31 is the primary interface of Ae server system 16 onto the 
internetwork 15. The network server 3 1 periodically receives the collected 
telemetered signals sent by remote implantable medical devices over the 
internetwork 15. The network server 3 1 is interfeced to the internetwork 1 5 
through a router 32. To ensure reliable data exchange, the network server 31 
implements a TCP/IP protocol stack, although other foims of network protocol 
stacks are suitable. 

The database server 34 organizes the patient care records in the database 
17 and provides storage of and access to information held in those records. A 
high volume of data in the form of collected measures sets fiom individual 

patients is received. The database server 34 fiees the networic server 3 1 from 
having to categorize and store the mdividual collected measures sets in the 
appropriate patient care record. 

The application server 35 operates management applications and performs 
data analysis of the patient care records, as further described below with reference 
to FIGURE 3. The application server 35 communicates feedback to ttie 
individual patients either througji electronic mail sent back over the internetwork 
15 via the network server 3 1 or as automated voice mail or fiacsimile messages 
through the telephone interfece device 19. 

The server system 16 also includes a plurality of individual workstations 
36 (WS) interconnected to the intranetwork 33, some of which can include 
peripheral devices, such as a printer 37. The woricstations 36 are for use by tiie 
data management and programming staff, nursing staff, office staff, and other 
consultants and authorized personnel. 
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The database 17 consists of a high-capacity storage medium configured to 
store individual patient care records and related health care information. 
Preferably, the database 17 is configured as a set of high-speed, high capacity 
hard drives, such as organized into sl Redundant Array of Inejcpensive Disks 
(RAID) volume. However, any form of volatile storage, non-volatile storage, 
removable storage, fixed storage, random access storage, sequential access 
storage, permanent storage, erasable storage, and the like would be equally 
suitable. The organization of &e database 17 is further described below wift 
reference to FIGURE 3. 

The individual servers and workstations are general purpose, progranmied 
digital computing devices consisting of a central processing unit (CPU), random 
access memory (JRAM), non-volatile secondary storage, such as a hard drive or 
CD ROM drive, network interfaces, and peripheral devices, including user 
int^acing means, such as a keyboard and display. Program code, including 
software programs, and data are loaded mto the RAM for execution and 
processing by the CPU and results are generated for display, output, transmittal, 
or storage. In the described embodiment, the individual servers are Intel Pentium- 
based server systems, such as avaUable ftom Ddl Computers, Austin, Texas, or 
Compaq Computers, Houston, Texas. Each Systran is preferably equipped with 
128MB RAM, 100GB hard drive capacity, data backup &cilities, and related 
hardware for intercoimecticm to the intranetwoiic 33 and internetwork 15. In 
addition, the workstations 36 are also Intel Poitium-based personal computer or 
workstation systems, also avaOable Scorn Dell Conqnitos, Austin, Texas, or 
Compaq Computers, Houston, Texas. Each workstation is preferably equipped 
with 64MB RAM, 10GB hard drive cq)8city, and related hardware for 
interonmection to the intranetwork 33. Other types of server and workstation 
systems, including personal computers, minicomputers, mainframe computers, 
siq)ercomputers, parallel computers, workstations, digital data processors and the 
like would be equally suitable, as is known in the art 
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The telemetered signals are communicated over an intemrtwork 15, such 
as the latemet However, any type of electronic communications link could be 
used, including an intran^ork link, soial link, data telephone link, satelUte link, 
radio-frequency link, infrared link, fiber optic link, coaxial cable link, television 

5 link, and the like, as is known in the art Also, the network server 31 is interfaced 
to the mtetnetwoik 15 usmg a T-1 network router 32, such as manufectured by 
Cisco Systems, Inc., San Jose, California. However, any type of interfacing 
device suitable for interconnecting a server to a network could be used, including 
a data modem, cable modem, network interface, serial connection, data port, hub, 
frame relay, digital PBX, and the like, as is known in the art 

FIGURE 3 is a block diagram showing the software modules of the server 
system 16 of the system 10 of HGURE 1. Each module is a computer program 
written as source code in a conventional programming language, such as the C or 
Java programming languages, and is presented for execution by tiie CPU as object 
or byte code, as is known m the arts. The ^ousunplementations of tiie source 
code and object and byte codes can be held on a computer-readable storage 
medium or embodied on a transmission medium in a carrier wave. Thoe are 
tiiree basic software modules, which fimctionally define tiie primary operations 
performed by tiie server system 16: database module 51, analysis module 53, and 
feedback module 55. hi tiae described embodunent, tiiese modules are executed in 
a distributed computing environment, although a smgle server or a cluster of 
servers could also p«form the fimctionality of tiie modules. The module 
fimctions are ftirther described below in more detail beginning with refwence to 
HGURE?. 

For each patiait being provided remote patient care, the server system 16 
periodically receives a collected measures set 50 which is forwarded to the 
database module 5 1 for processing. The database module 5 1 organizes the 
individual patent care records stored in die database 52 and provides the &cilities 
for efficiently storing and accessing tiie collected measures sets 50 and patient 
data m ain t ai ne d in those records. An exenq)laiy database schema fcnr use m 
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Storing collected measures sets 50 in a patient care record is described below, by 
way of example, with reference to HGURE 5. The database server 34 (shown in 
FIGURE 2) performs the functionality of the database module 51. Any type of 
database organization could be utilized, including a flat file system, hierarchical 
database, relational database, or distributed database, such as provided by 
database vendors, such as Oracle Coiporation, Redwood Shores, California. 

The analysis module S3 analyzes tiie collected measures sets SO stored m 
the patient care records in the database 52. The analysis module 53 makes an 
automated determination of patient wellness in the form of a patient status 
indicator 54. Collected measures sets 50 are periodically received from 
implantable medical devices and maintained by the database module 51 in the 
database 52. Through the use of this collected information, the analysis module 
53 can continuously follow the medical well being of a patient and can recognize 
any trends in the collected information that might warrant medical intervention. 
The analysis module 53 compares individual measures and derived measures 
obtained from botii the care records for the individual patient and the care records 
for a disease q^ecific group ofpatients or the patient population in gen^^ The 
analytic operations performed by the analysis module 53 are fiirtti^ 
below with reference to FIGURE 4. The plication server 35 (shown in 
FIGURE 2) performs the functionality of tiie analysis module 53. 

Tht feedback module 55 provides automated feedback to the individual 
patient based, in part, on flie patient status indicator 54. As described above, the 
feedback could be by electronic mail or by automated voice mail or fecsimile. 
Preferably, the feedback is provided in a tiered manner. In the described 
embodimeat, four levels of automated feedback are provided. At a first level, an 
iateipretation of the patient status indicator 54 is provided. At a second level, a 
notification of potential medical concern based on the patient status indicator 54 is 
provided This feedback level could also be coupled with him^n contact by 
specially trained technicians or medical personnel. At a third level, the 
notification of potential medical concern is forwarded to medical practitioners 
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located in the patient's geographic area. Finally, at a fourth level, a set of 
reprogramming instructions based on the patient status indicator 54 could be 
transmitted directly to the iinplantable medical device to modify the programminj 
instructions contamed therein. As is customary in the medical arts, the basic 
tiered feedback scheme would be modified in the event of bona fide medical 
emergency. The appUcation server 35 (shown in FIGURE 2) perfomis the 
functionality of the feedback module 55. 

FIGURE 4 is a bldck diagram showing the analysis module 53 of the 
server system 16 of FIGURE 3. The analysis module 53 contains two functional 
submodules: comparison module 62 and derivation module 63. The purpose of - 
the comparison module 62 is to compare two or more individual measures, either 
collected or derived. The purpose of the derivation module 63 is to determine a 
derived measure based on one or more collected measures which is then used by 
the comparison module 62. For instance, a new and improved indicator of 
impending heart failure could be derived based on the exemplary cardiac 
coUected measures set described with reference to FIGURE 5. The analysis 
module 53 can operate either in a batch mode of operation wherein patient status 
indicators are generated for a set of individual patients or in a dynamic mode 
wherem a patient status indicator is generated on the fly for an individual pati ent 

The comparison module 62 receives asl inputs fix>m the database 1 7 two 
input sets functionally defined as peer collected measures sets 60 and sibling 
collected measures sets 61, althougli in practice, the collected measures sets are 
stored on a per sampling basis. Peer collected measures sets 60 contain individual 
collected measures sets that all relate to the same type of patient information, for 
instance, atrial electrical activity, but which have been periodically collected over 
time. Sibling collected measures sets 61 contain individual collected measures 
sets that relate to different types of patient information, but which may have been 
coUected at the same time or different times. In practice, the collected measures 
sets are not separately stored as **peer'' and **sibling" measures. Rather, each 
individual patient care record stores multiple sets of sibling collected measures. 
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The distinction between peer collected measures sets 60 and sibling collected 
measures sets 61 is further described below with reference to FIGURE 6. 

The derivation module 63 detennines derived measures sets 64 on an as- 
needed basis in response to requests from the comparison module 62. The 
derived measures 64 are detemiined by perfonning linear and non-linear 
mathematical operations on selected peer measures 60 and sibling measures 61, a 
is known in ^ art 

FIGURE S is a database schema showing, by way of example, the 
oiganization of a cardiac patient care record stored 70 in the database 17 of the 
system 1 0 of FIGURE 1 . Only the information pertaining to collected measures . 
sets are shown. Each patient care record would also contain normal identifying 
and treatment profile information, as well as medical history and other pertinent 
data (not shown). Each patioit care record stores a multitude of collected 
measures sets for an individual patient. Each individual set represents a recorded 
sn^shot of telemetered signals data which was recorded, for instance, per 
heartbeat or biimed average basis by tiie implantable medical device 12. For 
example, for a cardiac patient, tiie following information would be recorded as a 
collected measures set atrial electrical activity 71, v«itricular electrical activity 
72, time of day 73, activity level 74, cardiac ou^ 75, oxygen level 76, 
cardiovascular pressure measures 77, pulmonary measures 78. interventions made 
by the implantable medical device 78, and die relative success of any 
interventions made 80. la. addition, the implantable medical device 12 would also 
communicate device specific information, including battery status 81 and program 
settings 82. Otiier types ofcoUected measures are posdble. In addition, a well- 
. documented set of derived measures can be determined based on the collected 
measures, as is known in die art 

FIGURE 6 is a record view showing, by way of example, a set of partial 
cardiac patient care records stored in die database 17 of tiie system 10 of FIGURE 
1. Three patient care records are shown for Patient J, Patient 2. and Patient 3. 
For each patient, diree sets of measures are shown, X,Y,miZ The measures are 
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organized into sets with Set 0 representtog sibling measures made at a teferraice 
time t=0. Similarly, Set n-2, Set n-1 and Set n each represent sibling measures 
made at later reference times t^n-2, t-n-1 and /a/t, reflectively. 

For a given patient, for instance, Patient 1, aU measures representing the 
5 sanie^^ofpatientinfonnation,sudi as measure AT, are peer measu^ These 
are measures, -winch are monitored over time in a disease-matched peer group. 
All measures representing different types of patient infonnation, such as measures 
X y» and Z, are sibling measures. These are measures which are also measured 
over time, but which might have medically significant meaning yrbsa compared to 

10 each other within a single set Each of the measures, Y, and Z, could be either 
collected or derived measures. 

The analysis module 53 (shown in FIGURE 4) performs two basic forms 
of comparison. First, individual measures for a given patient can be compared to 
other individual measures for that same patient. These comparisons might be 

15 peer^o-peermeasuresprojected over time, for instance, Ar„.jr^^^ 

sibling-to-sibling measures for a single snapshot, for instance, Xn, and Z„, or 
projected overtime, for instance, JT^ Yn^Zn^X^j, Yn.uZn.!,Xn.2. Yn.2.Zn.2. • . .A^, 
Y(h Zq. Second, individual measures for a given patient can be compared to other 
individual measures for a group of other patients sharing the same disease- 

20 specific characteristics or to the patient population in genend. Again, these 

comparisons might be peer-to-peer measures projected over tune, for mstance, Xn, 
Xn'fXn''^ Xn^i, A^/ Xn-i Xn.2*, Xn^r* . • • Atf, A!ov Xo", OX Comparing the 
individual patient's measures to an average fix>m the groiq). Similarly, these 
comparisons mi^t be sibling-to-sibling measures for single snapshots, for 

25 instance, Jf;,,^',^'^-, Yn^ Yn", and Z„, Z^'y Zn*, or projected overtime, for 

inStance,^;,^;^^;^', 7„, Yn^ Yn \Znan\Zn-,X^uXn.v,Xn.V\ Yn.U Yn^r, Yn^V-an^ 
U Zn-I'f Zn^i"fXn,2fXn.2'iXn.2"9 Iw-^S Z^7, Zn.2'f Zn~2*' * • • A(>, A©", YfS 

Yo'> Yo'^y and Zo, Zo*, Zo". Other forms of comparisons are feasible. 

FIGURE 7 is a flow diagram showing a method 90 for automated 
30 collection and analysis of patient infonnation retrieved from an implantable 
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medical device 12 for remote patient care in accordance with the present 
invention. The method 90 is implemented as a conventional computer program 
for execution by the server ^fstem 16 (shown in HGUREl). As a preparatory 
step, Ae patient care records are organized m the database 17 with a unique 
patient care record assigned to each individual patient (block 91). Next the 
collected measures sets for an mdividual patient are retrieved fiom the 
implantable medical device 12 (block 92) using a programmer, interrogator, 
telemetered signals transceiver, and the like. The retrieved collected measures 
sets are sent, on a substantially regular basis, over the internetwork 15 or similar 
communications link (block 93) and periodically received by the server system 16 
(block 94). The collected measures sets are stored into the patient care record in 
the database 17 for that individual patient (block 95). Qneormoreof the 
collected measures sets for that patient are analyzed (block 96), as further 
described below with reference to FIGURE 8. Fmally, feedback based on the 
analysis is sent to that patient over the internetwork 1 5 as an emdl message, via 
telephone Ime as an automated voice mail or fiursimile message, or by sunilar 
feedback communications link (block 97), as fiirther described below with 
reference to FIGURE 1 1. 

FIGURE 8 is a flow diagram showing the routine for analyzing collected 
measures sets 96 for use in the method of FIGURE 7. The purpose of this routine 
is to make a determination of general patient wellness based on comparisons and 
heuristic trends analyses of Ae measures, both collected and derived, in the 
patient care records in the database 17. A first collected measures set is selected 
from a patient care record in the database 17 (block 100). If tiie measures 
comparison is to be made to other measures originating from the patient care 
record for the same individual patient (block 101), a second collected measures 
set is selected from that patient care record (block 102). Otherwise, a group 
measures comparison is being made (block 101) and a second collected measures 
set is selected fiom another patient care record in the database 17 (block 103). 
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Note the second collected measures set could also contain avaraged measures for 
a group of disease specific patients or for the patient population in general. 

Next, if a sibling measures comparison is to be made (block 104), a 
routine for comparing sibling collected measures sets is performed (block 105), as 
fiirflier described below with reference to FIGURE 9. Sunilariy, if a peer 
measures comparison is to be made (block 106), a routine for comparing sibling 
collected measures sets is performed (block 107), as further described below with 
reference to FIGURES lOA and lOB. 

Finally,apatientstatusindicatoris generated (block 108). By way of 
example, cardiac output could ordinarily be approximately 5.0 liters per minute 
with a standard deviation of ± 1 .0. An actionable medical phenomenon could 
occur when the cardiac ou^ut of a patient is ± 3.04.0 standard deviations out of 
the norm. A comparison of the cardiac output measures 75 (shown m FIGURE 5) 
for an individual patient against previous cardiac outpiit measures 75 would 
establish the presmce of any type of downward health tsead as to the particular 
patient A comparison of the cardiac ou^ut measures 75 of the particular patient 
to ifae cardiac output measures 75 of a group of patients would establish whether 
die patient is trending out of the norm. From this type of analysis, the analyds 
module 53 generates a patient status indicator 54 and other metrics of patient 
welbess, as is known in the art 

FIGURE 9 is a flow diagram showing the routine for comparing sibling 
collected measures sets 105 for use m the routine of FIGURE 8. Sibling measures 
originate &om the patient care records for an individual patient The purpose of 
this routine is either to compare sibling derived measures to sibling derived 
measures (blocks 1 1 1-1 13) or sibling collected measures to sibling collected 
measures (blocks 115-117). Thus, if derived measures are being compared (block 
1 1 0), measures are selected fix)m each collected measures set (block 1 1 1). First 
and second derived measures are derived fiom the selected measures (block 1 12) 
using the derivation module 63 (shown in FIGURE 4). The first and second 
derived measures are then compared (block 1 13) using the comparison module 62 
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(also shown in FIGURE 4). The steps of selecting, detennining, and comparing 
(blocks 111-113) are repeated until no further conq>arisons arc required (block 
1 14), v^ereupon the routine returns. 

If collected measures are being compared (block 1 10), measures are 
selected fix)m each collected measures set (block 115). The first and second 
collected measures are then compared (block 1 16) using the comparison module 
62 (also shown in FIGURE 4). The steps of selecting and comparing (blocks 115- 
1 1 6) are repeated until no further comparisons are required (block 1 1 7), 
hereupon the routine returns. 

FIGURES 1 OA and 1 OB are a flow diagram showing the routine for 
comparing peer collected measures sets 1 07 for use m the routine of FIGURE 8. 
Peer measures originate fix)m patient care records for different patients, including 
groups of disease specific patients or the patient population in general. The 
purpose of this routme is to compare peer derived measures to peer derived 
measures (blocks 122-125), peer derived measures to peer collected measures 
(blocks 126-129), peer collected measures to peer derived measures (block 131- 
134), or peer collected measures to peer collected measures (blocks 135-137). 
Thus, if the first measure bemg compared is a derived measure (block 120) and 
the second measure bemg compared is also a derived measure (block 121), 
measuies are selected fix)m each collected measures set (block 122). First and 
second derived measures are derived fiom the selected measures (block 123) 
usmg the derivation module 63 (shown m FIGURE 4). The first and second 
derived measures are then compared (block 124) using the comparison module 62 
(also shown in FIGURE 4). The steps of selectmg, detennining, and comparing 
(blocks 122-124) are repeated until no further comparisons are required (block 
1 1 5), whereupon the routine returns. 

If the first measure being compared is a derived measure (block 120) but 
the second measure being compared is a collected measure (block 121), a first 
measure is selected from the first collected measures set (block 126). A first 
derived measxire is derived from the first selected measure (block 127) using the 
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derivation module 63 (shown in HGURE 4). The first derived and second 
coUected measures are then compared (block 128) using the comparison module 
62 (also shown in nOURE 4). The steps of selecting, determining, and 
comparing (blocks 126-128) are repeated untU no further comparisons are 
required (block 129), whereupon the routine returns. 

the first measure being conq)ared is a coUected measure (block 120) but 
flie second measure being compared is a derived measure (block 130), a second 
measure is selected fix»n ±t second collected measures set (block 131). A second 
derived measure is derived fixm the second selected measure (block 132) using 
the derivation module 63 (shown in FIGURE 4). The first coUected and second . 
derived measures are then compared (block 1 33) using the comparison module 62 
(also shown in FIGURE 4). The steps of selecting, detemiining, and comparing 
(blocks 131-133) are repeated untU no fijrther comparisons are required (block 
134), whereiq)on the routine returns. 

If the first measure being conq)ared is a coUected measure (block 120) and 
the second measure bdng compeaxd is also a coUected measure (block 130), 

measures are selected fixnn each collected measures set (block 13S). Thefustand 
second coUected measures are Him compared (block 136) using fbe comparison 
module 62 (also shown in FIGURE 4). The steps of selecting and comparing 
(blocks 135-136) are repeated until no further conqMurisons are required (block 
137), vdiereiqwn the routine returns. 

FIGURE 1 1 is a flow diagram showing the routine for providing feedback 
97 for use in the method of nGURE 7. The purpose of this routine is to provide 
tiered feedback based on tiie patient status indicator. Four levels of feedback are 
provided with increasing levels of patient involvement and medical care 
intervention. At a first level (block 150), an interpretation of the patient status 
indicator 54, preferably phrased in lay terminology, and related health care 
information is sent to the individual patient (block 151) using tiie feedback 
module 55 (shown m FIGURE 3). At a second level (block 152), a notification of 
potential medical concern, based on tiie analysis and heuristic trends analysis, is 
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sent to the individual patient (block 153) using the feedback module 55. At a 
third level (block 154), the notification of potential medical concern is forwarded 
to the physician responsible for the individual patient or similar health care 
professionals (block 155) using the feedback module 55. FinaUy, at a fourth level 
(block 156), reprogramming instructions are sent to the unplantable medical 
device 12 (block 157) using fbe feedback module 55. 

Therefore, through tlM use of Oe collected measures sets, the present 
mvention makes possible immediate access to escpert medical care at any time and 
in any place. For example, after establishing and registering for each patient an 
^propriate baseline set of measures, the database server could contain a virtually- 
up-to-date patient history, which is available to medical providers for the remote 
diagnosis and prevention of serious iUness regardless of the relative location of 
the patient or time of day. 

Moreover, the gathering and storage of multiple sets of raitical patient 
information obtained on a routine baas makes possible treatment methodologies 
based on an algorithmic analysis ofdie collected data sets. Each successive 
introduction of a new collected nieasures set into the database server would help 

to continually inqmve the accuracy and effectiveness ofthe algorithms used. In 
addition, the present invention potentially enables the detection, prevention, and 
cure of iH«viously unknown foma of disorders based on a traids analysis and by 
a cross-referencing approach to create continuously improving peer-group 
reference databases. 

Fmally, fte present mvention makes possible the provision of tiwed 
patient feedback based on the automated analysis of the collected measures sets. 
This type of feedback Systran is suitable for use in, for example, a subscription 
based health care service. At a basic level, informational feedback can be 
provided by way of a simple interpretation of the collected data. The feedback 
could be built up to provide a gradated response to &e patient, for example, to 
notify the patient that he or she is trending into a potential trouble zone. Human 
interaction could be introduced, both by remotely situated and local medical 
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practitioiiers. FinaUy, the feedback could include direct interventive measures, 
such as ranotely reprogramming a patient's IPO. 

FIGURE 12 is a block diagram showing a system for automated collection 
and analysis of regularly retrieved patient information for remote patient care 200 
in accordance with a further embodunent of the present invention. The system 

200 provides remote patient care in a maimer similar to die system 10 of FIGURE 
1, but with additional functionality for diagnosing and monitoring multiple sites 
within a patient's body using a variety of patient sensors for diagnosing one or 
more disorder. The patient 201 can be the recipient of an inq)lantable medical 
device 202, as described above, or have an external medical device 203 attache^ 
such as a Holter monitor-like device for monitoring electrocardiograms. In 
addition, one or more sites in or around the patient's body can be monitored using 
multiple sensors 204a, 204b, such as described in U.S. Patents 4,987,897; 
5,040,536; 5,1 13,859; and 5,987352, the disclosures of which are incorporated 
hoein by reference. Otiier types ofdeviceswitii physiological measure sensors, 
both heterogeneous and homogenous, could be used, either within the same 
device or working m coiyuncdon with each other, as is known in die art 

As part of die ^stem 200, die database 17 stores padent care records 205 
for each mdividual padent to vfbam. remote padent care is being provided. Each 
padent care record 205 contams mmoBl padent identificadon and treatment 
profile informadon, as well as medical history, medicadons taken, height and 
weight, and other pertinmt data (not shown). The padent care records 205 consist 
primarily of monitoring sets 206 storing device and derived measures (D&DM) 
sets 207 and quality of life and symptom measures (QOLM) sets 208 recorded 
and determined thereafter on a regular, continuous basis. The organizadon of the 
device and derived measures sets 205 for an exemplary cardiac padent care recoid 
is described above with reference to FIGURE 5. The organizadon of the quality 
of life and symptom measures sets 208 is fhrdier described below with reference 
toFIGUREM. 
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OptionaUy, the patient care records 205 can further mclude a reference 
baseline 209 storing a special set of device and derived reference measures sets 
210 and quaUty of life and symptom measures sets 21 1 recorded and determined 
during an initial observation period, such as described in the related, oommonly- 

5 owned U.S. Patent appUcation, Serial No. , entitled "System And Method For 

Determining A Reference Baseline Of Individual Patient Status For Use In An 
Automated Collection And Analysis Patient Care System," pending, filed 
December 31, 1999, the disclosure of ^ch is incorporated herem by reference. 
Other forms of database organization are feasible. 

10 Finally, simultaneous notifications can also be delivered to the patienfs 

physician, hospital, or emergency medical services provider 212 using feedback 
means similar to that used to notify the patient As described above, the feedback 
could be by electronic mail or by automated voice mail or fecsimile. The 
feedback can also include normalized voice feedback, such as described in the 

15 related, commonly-owned U.S. Patent appUcation, Serial No. , entitled 

"System And Method For Providing Normalized Voice Feedback From An 
Individual Patient In An Automated Collection And Analysis Patient Care 
System," pending, filed December 31, 1999, the disclosure of which is 
incorporated herein by reference. 

FIGURE 13 is a block diagram shoviring the anafysis module 53 of the 
server system 16 of FIGURE 12. The peer collected measures sets 60 and siblmg 
collected measures sets 61 can be organized into site specific groupings based on 
the sensor fix>m which fbey originate, that is, inq>lantable medical device 202, 
external medical device 203, or multiple sensors 204a, 204b. The fimctionality of 
4e analysis module 53 is augmented to itoate through a plurality of site specific 
measures s^ 215 and one or more disorders. 

As an adjunct to ronote patient care through the monitoring of measured 
physiological data via implantable medical device 202, external medical device 
203 and multiple sensors 204a, 204b, quality of life and symptom measures sets 
208 can also be stored in the database 17 as part of the monitoring sets 206. A 
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quality of life measure is a semi-quantitative self-assessment of an individual 
patient's physical and emotional well-being and a record of symptoms, such as 
provided by the Duke Activities Status Indicator. These scoring systems can be 
provided for use by the patient 1 1 on the personal computer 18 (shown in 
FIGURE 1) to record his or her quality of life scores for both initial and periodic 
download to the server system 16. FIGURE 14 is a database schema showing, by 
way of example, the organization of a quality of life and symptom measures set 
record 220 fiw care of patients stored as part of a patient care record 205 in tiie 
database 17 of the system 200 of FIGURE 12. The following exemplary 

infonnation is recorded for a patient ovoall health wellness 221, psychological 
state 222, chest discomfort 223, location of chest discomfort 224, palpitations 
225, diortness of breath 226, exercise tolerance 227, cough 228, sputum 
production 229, sputum color 230, energy level 23 1 , syncope 232, near syncope 
233, nausea 234, diaphoresis 235, time of d^ 91, and other quality of life and 
synqptom measures as would be known to one skilled in die art 

Other types of quality of life and symptom measures are possible, such as 
those indicated by responses to the Minnesota Living with Heart Failure 
Questionnaire described in E. Braunwald, ed,, "Heart Disease— A Textbook of 
Cardiovascular Medicine,** pp. 452-454, W£. Saunders Co. (1997), the disclosure 
of which is incorporated hetem by refermce. Similariy, functional classifications 
based on die relationship b^ween sympt<Hns and the amount of efifort required to 
provoke them can serve as quality of life and ^moptom measures, such as the New 
York Heart Association (NYHA) classifications I, H, m and IV, also described m 
Ibid 

The patient may also add non-device quantitative measures, such as the 
six-minute walk distance, as complementary data to die device and derived 
measures sets 207 and the symptoms during the six-minute walk to quality of life 
and symptom measures sets 208. 

FIGURE 15 is a record view showing, by way of rocample, a set of partial 
cardiac patient care records stored in die database 17 of die system 200 of 
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FIGURE 12. Three patient care records are again shown for Patient 1. Patient 2, 
and Patient 3 with each of these records containing site specific measures sets 
215, groiqjed as Mows. First, the patient care record for Patient 1 includes three 
site specific measures sets A, B and C. corresponding to three sites on Patient 1 's 
body. Similarly, the patiem care record for Pflrfenf 2 includes two site specific 
measures sets^ and 5. corresponding to two sites, both of which are in the same 
relative positions onPatient 2's body as the sites for Patient 1. Finally, the 
patient care record for Patient 3 includes two dte q>ecific measures sets i4 and A 
also corresponding to two medical device sensors, only one of which, Site^, is in 
. the same relative position as Site A for Patient 1 and Patient 2. 

The analysis module 53 (shown in nOURE 13) perfoims two further 
forms of comparison m addition to comparing the individual measures for a given 
patiCTt to other individual measures for that same patient or to other individual 
measures for a group of other patients sharing the same disease-specific 
characteristics or to the patient population in general. First, the individual 

measures corresponding to each body site for an individual patient can be 
compared to other individual measures for that same patient, a peer group or a 
general patient populatioa Again, these comparisons might be peer-to-pett 
measures projected over time, for instance, conqaring measures for each site. A, 
BacdC&rPatientl, X„^,X., X„.,X^,^.X^,^.X^.,X^,^,X^,^, 

• • • ^0, . J^o- . ; , x^.^ . , x„.,^ . x^.^ , x^. , x^^^ , x^^.^ , 

-^-2-, '"Xo,, JT,^ , -r,. iX^,X^,X^, X^ , X^.^ . JT^,. , x^^ , x^^ , 
-^^.jj • • • » -^^Oc » -^Oe » comparing comparable measures for Site A for the 
threepatients. X„^,X,^,X. , Jf^.^ , , Jf^,. . X,_,^, X^^. ... 
-^0^ » ^0'^ » ^0'^ > comparing the individual patient's measures to an average 
fix)m the group* Similarly, these comparisons might be sibling-to-sibling 
measures for single sn^shots, for instance, comparing comparable measures for 
Site A for the tbiee patients, X^^ , X . . X^. . , 7,. , Y. . and Z,^ , Z^. . Z . , 
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or comparing those same comparable measures for Site A projected over time, for 
instance,^„^.^..^„.,r,^.y..r..Z„^.Z..z.,^^,.^^^^ 

5 Other foDMofsite-qjecific comparisons, induding comparisons betw^ 
individual measures fiom non-comparable sites between patients, are feasible. 

Second, the individual measures can be compared on a disorder specific 
basis. The individual nieasures stored in each cardiac patient record can be 
logically groiqwd mto measures relatmg to specific disorders and diseases, for 
10 instance, congestive heart Mure, myocardial infarction, respiratory distress, and 

atrial fibrillation. The foregoing comparison operations performed by the analysis 
module 53 are furflier described below with reference to FIGURES 17A-17B. 

FIGURE 16 is a Venn diagram showing, by way of example, peer group 
overlap between the partial patient care records 205 of HGURE 15. Each patient 

15 care record 205 includes characteristics data 250, 251, 252, including personal 
traits, demographics, medical history, and related personal data, for patients 1, 2 
and 3, respectively. For example, the characteristics data 250 for patient 1 might 
include personal traits ^ch mclude gender and age, such as male and an age 
between 40-45; a demographic of resident of New York City, and a medical 

20 history consisting of anterior inyocardialmfiaction. congestive heart feilure and 
diabetes. Sunilarly, the characteristics data 251 for patient 2 might include 
identical personal traits, thereby resulting m partial overlap 253 of diaracteristics 
data 250 and 251. Sunilar characteristics overiap 254, 255, 256 can exist between 
each respective patiait The overall patient population 257 would inchide the 

25 universe of all characteristics data. As the monitoring population grows, the 
number of patients with personal traits matching those of the monitored patient 
will grow, mcreasing the value of peer group referencing. Large peer groups, 
well matched across all monitored measures, will result in a well known natural 
history of disease and will allow for more accurate prediction of Ae clinical 
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course of the patient being monitored. If the population of patients is relatively 
small, only some traits 256 will be uniformly present in any particular peer group. 
Eventually, peer groups, for instance, composed of 100 or more patients each, 
would evolve under conditions in which there would be complete overlap of 
substantially all saUent data, thereby forming a powerful core reference gcoxxp for 
any new patient being monitored. 

FIGURES 17A-17B are flow diagrams showing a method for automated 
collection and analysis of regularly retrieved patiwit infoimation for remote 
patient care 260 in accordance vntix a further embodiment of the present 
mvention. As with the method 90 of HGURE 7, this method is also implemented 
as a ccmventional computer program and performs die same set of steps as 
described with refacnce to FIGURE 7 with the following additional functionality. 
As before, the patient care records are organized in the database 17 with a unique 
patient care record assigned to each individual patient (block 261). Next, the 
individual measures for each site are iteratively obtained in a first processing loop 
(blocks 262-267) and each disorder is iteratively analyzed in a second processing 
loop (blocks 268-270). Other forms of flow control are feasible, including 
recursive processing. 

During each iteration of the first processing loop (blocks 262-267), the 
collected measures sets for an individual patient are retrieved from the medical 
device or sensor located at the current site (block 263) using a programmer, 
interrogator, telemetered signals transceiver, and the like. The retrieved collected 
measures sets are sent, on a substantially regular basis, over the mtemetwork 1 5 
or sunilar communications link (block 264) and periodically received by the 
server system 16 (block 265). The collected measures, sets are stored into the 
patient care record 205 in the database 17 for that individual patient (block 266). 

During each iteration of die second processing loop (blocks 268-270), one 
or more of the collected measures sets for that patient are analyzed for the current 
disorder (block 269), as further described below with reference to FIGURE 1 8. 
Finally, feedback based on the analysis is sent to that patient over the 
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internetwork 15 as an email message, via telephone line as an automated voice 
mail or fecsimile message, or by similar feedback communications link (block 
97), as further described above with reference to FIGURE 1 1 , 

HGUREIS is a flow diagram showing a routine for analyzing collected 
5 measures sets 270 for use in the method 260 of FIGURES 17A-17B. The purpose 
of this roudne is to make a determination of general patient wellness based on 
comparisons and heuristic trends analyses of tiie device and derived measures and 
quality of life and symptom measures m the patient care records 205 m the 

database 17. A first collected measures set is selected fiom a patient caie record 

10 m the database 17 (block 290). The selected measures set can either be compared 
to other measures originating from the patient care record for the same individual 
patient or to measures &om a peer groiq) of disease sfpecific patients or for the 
patient population in general (block 291). If the first collected measures set is 
bemg compared witiiin an individual patient care record (block 291), the selected 

IS measures set can either be compared to measures fiom the same site or fiom 
another site (block 292). If from the same site (block 292), a second collected 
measures set is selected for the current site fix)m that patient care record (block 
293). Otherwise, a second collected measures set is selected for another site fiom 
that patient care record (block 294). Sunilarly, if the first collected measures set 

20 is being compared withm a group (block 291), the selected measures set can eitiier 
be compared to measures fiom the same comparable site or firom another site 
(block 295). If firom the same comparable site (block 295), a second collected 
measures set is selected for a comparable site fix>m anotiier patient care record 
(block 296). Otherwise, a second collected measures set is selected for another 

25 site fix>m another patient care record (block 297). Note the second collected 

measures set could also contain averaged measures for a groitp of disease specific 
patients or for the patient population in general. 

Next, if a sibling measures comparison is to be made (block 298), the 
routine for comparing sibling collected measures sets is performed (block 105), as 

30 further described above witii reference to FIGURE 9. Similarly, if a peer 
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measures comparison is to be made (block 299), the routine for comparing sibling 
coUected measures sets is perfonned (block 107), as further described above vd± 
reference to FIGURES lOA and lOB. 

Finally, a patient status indicator is generated (block 300X as described 
above with reference to HGURE 8. In addition, the measures sets can be fiirther 
evaluated and matched to diagnose specific medical disorders, such as congestive 
heart failure, myocardial infarction, respiratory distress, and atrial fibrillation, as 
described in related, commonfy-owned U.S. Patent plications. Serial No. 
09/441,623, pending, filed November 16, 1999; Serial No. 09/441,612, pending, 
filed November 16, 1999; Serial No. 09/442, 125, pending, filed November 16, . . 
1999; and Serial No. 09/441,613, pending, filed November 16, 1999, the 
disclosures of which are incorporated herein by reference. In addition, multiple 
near-simultaneous disorders can be ordered and prioritized as part of the patient 
status indicator as described in the related, commonly-owned U.S. Patent 
appHcation, SerialNo. 09/441,405, pending, filed November 16, 1999, the 
disclosure of which is incorporated herein by reference. 

While the invention has been particularly shown and described as 
referenced to the embodunents thereof those skilled in the art will understand that 
ihe foregoing and other changes in form and detail may be made flierein wiOiout 
departing fix>m the spirit and scope of the mvention. 
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What is claimed is: 



1 1- A system for automated collection and analysis of regularly 

2 retrieved patient informatioir for remote patient care, comprising: 

3 a network server receiving a set of collected measures retrieved on a 

4 substantially regular basis from a medical device having a sensor for monitoring 

5 at least one physiological measure of an individual patient, the collected measures 

6 set comprising individual measures which each relate to patient mformation 

7 recorded by the medical device; 

8 a database coi^)led to the network server and storing the collected 

9 measiires set into a patient care record for the individual patient witiiintiie 

1 0 database organized to store one or more patient care records which each comprise 

11 a plurality of ibe collected measures sets; and 

12 an application server coupled to the database and analyzing one or more of 

13 the collected measures sets m the patient care record for the mdividual patient 

14 relative to one or more other collected measures sets stored m tiie database to 

15 detmnine a patient status indicator. 

1 2. A system accordmg to Claim 1 , fiirtiier comprismg: 

2 the network server receivmg a set of quality of life measures lecoided by 

3 the individual patient; 

4 the database storing the collected quality of life measures set mto the 

5 patient care record for the mdividual patient within the database; and 

6 the application server determining a change in patient status by comparing 

7 at least one recorded quality of life measure to at least one other corresponding 

8 recorded quality of life measure. 

1 3. A system accordmg to Claim 1, further comprising: 

2 the networic server repeatedly receiving one or more collected measures 

3 sets v^di are each recorded by a sensor which monitors at least one 

4 physiological measure of tiie mdividual patient, each such sensor monitoring a 



0107-01.a|)3 



-33- 



CA 02309409 2000-05-24 



5 site within the individual patient unique &om the site monitored by any other such 

6 sensor; 

7 the database storing each collected measures set organized by specific site 

8 into the patient care record for the individual patient within the database; and 

9 the application server analyzmg one or more of the site specific collected 

10 measures sets in the patient care record for each site within the individual patient 

1 1 relative to one or more other site specific collected measures sets stored in the 

12 database to determine apatient status indicator. 

1 4. A system according to Claim 3, wherein the one or more site 

2 specific collected measures sets and tiie one or more other site specific collected 

3 measures sets both store measures collected fiom the same relative site. 

1 5. A system according to Claim 3, wherein the one or more site 

2 specific collected measures sets and the one or more other site specific collected - 

3 measures sets both store measures coUected &om a different site. 

1 6. A system according to Claim 3, the application server further 

2 comprising: 

3 a comparison module comparing an initial measure selected from the one 

4 or more site specific collected measures sets to a sibling measure selected fiom 

5 the one or more other site specific collected measures sets, the initial measure and 
6 . the sibling measure both relating to the same type of patient information. 

1 7. A system accordii^ to Claim 3, the application server. further 

2 comprising: 

3 a derivation module determining an initial derived measure using at least 

4 one measure selected &om the one or more site specific collected measures sets 

5 and determining a sibling derived measure using at least one measure selected 

6 from the one or more other site specific collected measures sets, tiie initial derived 

7 measure and the sibling derived measure both relating to the same type of derived ' 

8 patient information; and 



0107-01^ 



-34- 



CA 02309409 2000-05*24 



9 a comparison module comparing the initial derived measure to the sibling 

10 derived measure. 

1 8. A system according to Claim 3, the application server further 

2 comprising: 

3 a comparison module comparing an initial measure selected from the one 

4 or more site specific collected measures sets to a peer measure selected from the 

5 one or more other site specific collected measures sets, the initial measure relating 

6 to a different type ofpatientiiiformation than the peer measure. 

1 9. A system accordmg to Claim 3, the application server further 

2 comprising: 

3 a derivation module determining a peer derived measure using at least one 

4 measure selected from the one or more other site specific collected measures sets; 

5 and 

6 a comparison module comparing an initial measure selected from the one 

7 or more site specific coUected measures sets to the peer derived measure, Ae 

8 mitial measure relating to a different type of patient mformation than tfie derived 

9 patient information to ivfaich the peer derived measure relates. 

1 10. A system according to Claim 3, the application server further 

2 comprising: 

3 a derivation module determining an initial derived measure using at least 

4 one measure selected &om the one or more site sfpecific collected measures sets; 

5 and 

6 a comparison module comparing the initial derived measiire to a peer 

7 measure selected from the one or more other site ^ecific collected measures sets, 

8 &eiiutid derived measure relating to a different type of deri^^^ 

9 information than the patient mformation to Mddch the peer measu^ 

1 1 1. A system according to Claim 3, the application server further 

2 comprising: 
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3 a derivation module detennining an initial derived measure using at least 

4 one measure selected fix)m the one or more site specific collected measures sets 

5 and detemiining a peer derived measure using at least one measure selected fiom 

6 the one or more other site specific collected measures sets; and 

7 a comparison module comparing the initial derived measure to tiie peer 

8 derived measure, the initial derived measure relating to a different type of derived 

9 patient information than the derived patient information to which the peer derived 
10 measure relates. 

1 12. An system according to Claim 1, further comprising: 

2 the database further storing a reference baseline comprising recorded 

3 measures which each relate to patient information recorded during an initial time 

4 period and comprise either medical device measures or derived measures 

5 calculable therefix>m; and 

6 a database module obtainmg at least one of the at least one recorded 
measure and tiie at least one otha: recorded measure fix)m the retrieved reference 

. baseline. 

13. A system accoidmg to Claim 1, wherein tiie one or more ofter site 
specific collected measures sets are stored in tiie patient care record for the 
individual patient for whom the patient care indicator has been detennined. 

14. A system according to Claim 1, wherein the one or more other site 
specific collected measures sets are stored in tiie patient care records for a group 
of one or more other individual patients. 

15. A system according to Claim 1, further comprising: 
a collection client communicatively mterposed between the medical 

device and network server, the collection client retrieving the collected measures 
set and downloading the collected measures set from the collection client into a 
network s^er. 
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1 16. A system accordmg to Claim 15, wherein the coUection 

2 selected from the group consisting of a programmer, mterrogator, recorder, 

3 monitor, telemetered signals transceiver, personal computer, digital data 

4 processor, and combinations thereof. 

1 17. A system according to Claim 1, the appUcation server fiirt^ 

2 comprising: 

3 a feedback module providing tiered feedback comprising: 

4 at a first level of feedback, communicating an interpretation of the 

5 patient status indicator to the individual patient; ' 

6 at a second level of feedback, communicating a notification of 

7 potential medical concern based on the patient status indicator to the individual 

8 patient; 

9 at a third level of feedback, communicating a notification of 

10 potential medical concern based on the patient status indicator to medical 

11 personnel m local proximity to the individual patient; and 

12 at a fourth level of feedback, communicatmg a set of 

13 reprogramming instructions based on the patient status indicator to the medical 

14 device. 

1 18. A system according to Claim 17, ^erem the automated feedback 

2 comprises at least one of the gco\xp consisting of a peer group status indicator, a 

3 historical status indicator, a trend indicator, a medicinal efScacy indicator, and a 

4 ivellness indicator. 

1 19. A system according to Claim 17, wherein the feedback module 

2 communicates over a communications link which comprises at least one of the 

3 following: internetwork link, intranetwork link, serial link, data telephone link, 

4 satellite link, radio-frequency link, infirared link, fiber optic link, coaxial cable 

5 link, television link, and combinations thereof. 
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1 20. A system according to Qaim 17, wherein the feedback cUent is 

2 selected from the group consisting of a personal computer, fecsimile machine, 

3 telephone mstroment, netwodc computer, wireless computer, personal data 

4 assistant television, digital data processor, and combinations thereof. 

1 21. A system according to Claim 1, the application server fiirther 

2 comprising: 

3 an analysis module dynamically analyzmg the one or more of the coUected 

4 measures sets in tiie patient care record fin the individual patient 

1 22. A ^stem according to Claim 1, the application server further 

2 comprising: 

3 an analysis module analyang the one or more ofthe collected measures 

4 sets in the patient care record fi)r the individual patient in a batch comprising the 

5 one or more of tiie collected measures sets in patioit care records for a plurality of 

6 individual patients. 

1 23. A system according to Claim l,\<1ierein the medical device 

2 communicates over a communications link vMeh comprises at least one of the 

3 foUowing: internetwork link, mtranetwoik link, serial link, data tdephonelmk, 

4 satemteluik,radio-fisquencyluik,mfiwed link, fiber optic link, coaxial caU 

5 link, television link, and combinations thereof. 

1 24. A system according to Claim l,viierein1tae database comprises at 

2 least one ofthefollowii^ volatile storage non-volatile storage, removable 

3 storage, Gxsd starage, random access storage, sequmtial access storage, 

4 pemanest storage, erasable ston^, and combinations thoeof. 

1 25. A system according to Claim 24, wherein the ot^nization of the 

2 database comfMises at least one ofdie following: flat file, hierarchical database, 

3 relational database, distributed database, and combinations thereof. 
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1 26. A system according to Claim 1, wherein the medical device is 

2 selected ftom the group consisting of a pacemaker, cardioverter defibrillator, heart 

3 Mure monitor, event monitor, caidiopuhnonary monitor, metabolic monitor or 

4 device, endocrinology monitor or device, hematological monitor or device, 

5 neuromuscular monitor or device, gastromtestinal monitor or device, 

6 genitourinary monitor or device, and combinations thereof. 

1 27. A system according to Claim 1, wherein the set of collected 

2 measures comprises at least one of the following: atrial electrical activity, 

3 ventricular electrical activity, time of day, activity level, cardiac output, oxygen 

4 level, cardiovascular pressure measures, puhnonary measures, interventions 

5 made, and combinations thereof 

1 28. A system accordmg to Claim 27, the set of collected measures 

; 2 furttier comprising derived measures selected from the group consistmg of linear 

3 measures derived from the set of collected measures, non-linear measures derived 

4 from Ae set of collected measures, and combinations thereof. 

1 29. A method for automated collection and analysis of regularly 

2 retrieved patient infonnation for remote patient care, comi»ising: 

3 periodically receiving a set of collected measures retrieved on a 

4 substantially regular basis from a medical device having a sensor for monitoring 

5 at least one physiological measure of an individual patient, the collected measures 

6 set comprising individual measures which each relate to patient information 

7 recorded by the medical device; 

8 storing the collected measures set into a patient care record for the 

9 individual patient within a database organized to store one or more patient care 

10 records which each comprise a plurality of the collected measures sete; and 

11 aiialyzing one or more ofthe collected measures sets in tiie patient care 

12 record for the individual patient relative to one or more other collected measmes 

1 3 sets stored in the database to determine a patient status indicator. 
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1 30. A method according to Claim 29, fiather comprising: 

2 receiving a set ofquaKtyoflife measures recorded by the individual 

3 patient; ■ . ■ 

4 storing the collected quality of life measures set into the patient care 

5 record for the individual patient within the database; and 

6 determining a change in patient status by comparing at least one recorded 

7 quality of life measure to at least one odier corresponding recorded quality of life 

8 measure. 

1 31. A method according to Claun 29, furflier comprising: 

2 repeatedly receiving one or more collected measures sets which are each 

3 recorded by a sensor which monitors at least one physiological measure of the 

4 mdividual patient, eadi such sensor monitoring a site within the individual patioit 

5 unique firom the site monitored by any other such sensor; 

6 storing each collected measures set organized by specific site into the 

7 patient care record for the individual patioit within tiie database; and 

8 analyang one or more oftiie site specific collected measures sets in the 

9 patient care record for each site widiin the individual patient relative to one (V 

10 more o&o: site specific collected measures sets stored in die database to 

11 determine a patient status indicator. 

1 32. A method according to Claim 31, wherein Ae one or more site 

2 specific collected measures sets and the one or more other site specific collected 

3 measures sets bo^ store measures collected fiom the same relative site. 

1 33. A method according to Claim 3 l,wh«em the one or more site 

2 specific collected measures sets and the one or more other site specific collected 

3 measures sets bofli store measures collected fiom a different site. 

1 34. A method according to Claim 31, Reoperation of analyzing die 

2 one or more site qiecific collected measures sets further comprising: 
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3 comparing an initial measure selected from the one or more site specific 

4 coUected measures sets to a sibling measure selected from the one or more other 

5 site specific collected measures sets, the initial measure and the sibling measure 

6 both relating to the same type of patient information. 

1 35. A method according to Claim 31, the operation of analyzing the 

2 one or more site specific collected measures sets finther comprising: 

3 determining an initial derived measure using at least one measure selected 

4 &om the one or more site specific collected measures sets; 

5 determining a sibling derived measure using at least one measure selected 

6 fix)m the one or more other site q)ecific coUected measures sets, the initial derived 

7 measure and the sibling derived measure both relating to the same type of derived 

8 patient information; and 

9 comparing the initial derived measure to the sibling derived measure. 

1 36. A method accordmg to Claim 31, the operation of analyzing the 

2 one or more site specific collected measures sets further comprising: 

3 comparing an mitial measure selected from the one or niore site specific 

4 collected measures sets to a peer measure selected fix>m ike one or more other site 

5 specific collected measures sets, tfie initial measure relating to a different type of 

6 patient information than the peer measure* 

1 37. A method according to Claim 3 1 , the operation of analyzing the 

2 one or more site specific coUected measures sets further comprising: 

3 dcternuning a peer derived measure using at least one measure selected 

4 from the one or more other site specific collected measures sets; and 

5 comparing an initial measure selected from the one or more site q)ecific 

6 coUected measures sets to the peer derived measure, the initial measure relating to 

7 a diff^ent type ofpatieixtiiifonnationtiian the derived patient iiifor^ 

8 i^ch the peer derived measure relates. 
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1 38. A method accordmg to Claim 31, the operation of analy^ 

2 one or more site specific coUected measures sets further comprism^^ 

3 determining an initial derived measure using at least one measure selected 

4 fix>m fte one or more site specific collected measures sets; and 

5 comparing the mitial derived measure to a peer measure selected fiom the 

6 one or more other site specific collected measures sets, the initial derived measure 

7 relating to a different type of derived patient infomwtion tiian tiie patient 

8 information to which the peer measure relates. 

1 39. A metiiod according to Claim 31, die operation of analyzmg the . . . 

2 one or more site specific collected measures sets further comprising: 

3 determining an initial derived measure using at least one measure selected 

4 fix)mAe one or more site specific collected measures sets; 

5 determining apeer derived measure using at least one measure selected 

6 fix)m the one or more other site specific collected measures sets; and 

7 comparing the initial derived measure to die peer derived measure, the 

8 initial derived measure relating to a different type of derived patient information 

9 than the derived patient information to iprfjichtiie peer derived me^ 

1 40. A method according to Claim 39, furtiier comprising: 

2 retrieving a reference baseline comprising recorded measures which each 

3 relate to patient information recorded during an initial time period and comprise 

4 either medical device measures or derived measures calculable tiierefiom; and 

5 obtaining at least one ofthe at least one recorded measure and the at least 

6 one otiier recorded measure fiom the retrieved reference baseline. 

1 4L A method according to Claim 39, wherein the one or more otiier 

2 site specific collected measures sets are stored in the pa&eat care record for die 

3 uidividual patient for whom die patient care indicator has been determined 
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1 42, A mefliod according to Claim 39, wherein the one or more other 

2 site specific collected measures sets are stored in the patient care records for a 

3 group ofone or more other individual padents. 

1 43. A method according to Claim 39, further comprising: 

2 providing tiered feedback comprising: 

3 atafirstleveloffeedback,conununicadnganmteipretationofdie 

4 patient status mdicator to the individual patient; 

5 at a second level offeedback^conwninicating a notification of 

6 potential medical concern based on the patient status indicator to the individual 

7 patient; 

8 at a third level of feedback, commimicating a notification of 

9 potential medical concem based on the patient status indicator to medical 

10 personnel m local proximity to the individual patient; axid 

11 at a fourth level of&edback, communicating a set of 

12 reprogramming instructions based on the patient status mdicator to the medical 

13 device. 

1 44* A computer-readable storage mediimi holding code for automated 

2 collection and analysis of regularly retrieved patient information for remote 

3 patient care, comprising: 

4 periodically receivmg a set of collected measures retrieved on a 

5 substantiaUy regular basis fix>m a medical device having a sensor for monitorii^ 

6 at least one physiological measure of an individual patient, the collected measures 

7 set comprising individual measures which each relate to patient information 

8 recorded the medical deyice; 

9 storing die collected measures set into a patient care record for the 

10 individual patient widiin a database organized to store one or more patient care 

1 1 records which each comprise a plurality of die collected measures sets; and 
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12 analyzing one or more of the coUected measures sets in tbe patient care 

13 record for the individual patient relative to one or more other coUected measures 

14 sets stored in the database to detennine a pstioit status indicator. 

1 45. A storage medium according to Claim 44, further comprising: 

2 receiving a set ofqualityoflife measures recorded by the individual 

3 patient; 

4 storing the collected quality of life measures set into the patient care 

5 record for the individual patient within the database; and 

6 <ietemiining a change in paliert status by comparing at least one recorded 

7 quality of life measure to at leaist one othw correqmnding recorded quality of life 

8 measure. 

1 46. A storage medium according to CUdm 44, fiirthercomprismg: 

2 rq^eatedtyrecdving one or more collected measures sets i;(4uch are each 

3 recorded by a sensOT wbidi monitors at least one physiological measure of the 

4 individual patient, each such sensor monitoring a site \vithin the individual patient 

5 unique fiom the site monitored by aityotho- such srasor; 

6 storing eadi collected measures set organized by specific site into the 

7 patient care record for the individual patient within the database; and 

8 analyzing one or more ofthe ate specific collected measures sets in the 

9 patioit care record for each site withm the individual patient relative to one or 

0 more other site specific collected measures sets stored m the database to ^ 

1 determine a patient status mdicator. 

1 47. A storage medhmi accordmg to Claim 46, the operation of 

2 analyzing the one or more site specific collected measures sets furtiier 

3 conqoising: 

4 comparing an initial measure selected from the one or more site specific 

5 collected measures sets to a sibling measure selected &om die one or more other 
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6 site specific collected measures sets, the initial measure and the sibling measure 

7 both relating to the same type of patient infoimatioa 

1 48. A storage medium according to Claim 46, the operation of 

2 aimlyzing the one or more site specific collected measures sets further 

3 comprising: 

4 determining an initial derived measure using at least one measure selected 

5 £pom the one or more site specific collected measures sets; 

6 determining a sibling derived measure using at least one measure selected 

7 &om the one or more other site specific collected measures sets, the initial derived 

8 measure and the sibling derived measure both relating to the same type of derivwl 

9 patient information; and 



10 comparing the initial derived measure to the sibling derived measure. 

1 49. A storage medium according to Claim 46, the operation of 

2 analyzing the one or more site specific collected measures sets further 

3 comprising: 

4 comparing an initial measure selected firom the one or more site ^ecific 

5 collected measures sets to a peer measure selected from the one or more other site 

6 specific collected measures sets, the initial measure relating to a different type of 

7 patient information than the peer measure. 

1 50. A storage medium according to Claim 46, the operation of 

2 anaiyzmg the one or more site specific coUected measures sets further 

3 comprising: 

4 determining a peer denvcd measure using at least one measure selected 

5 fix>m the one or more other site specific collected measures sets; and 

6 comparing an initial measure selected fix>m die one or more site specific 

7 collected measures sets to the peer derived measure, the initial measure relating to 

8 a different t]^ofpatient information than the derived patient information 

9 which the peer derived measure relates. 
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1 51. A Storage medium according to Claim 46, the operation of 

2 analyzing the one or more site specific collected measures sets further 

3 comprising: . . 

4 detenninii^m initial derived measure using at least one measure 

5 from tiie one or more site specific collected measures sets; and 

6 comparing the initial derived measure to a peer measure selected from the 

7 one or more other site specific collected measures sets, the initial dwived measure 

8 relating to a different ^pe of derived patient information than Ae patient 

9 infonnatiQa to ^ch^ peer measure relates. 

1 52. A storage medium according to Claim 46, the opwation of 

2 analyzing the one or more site specific collected measures sets fiirthw 

3 comprising: 

4 determining an initial derived measure using at least one measure selected 

5 from the (me or more site specific collected measures set^ 

6 detomining a peer derived measure using at least one measure selected 

7 from the one or more otbor site specific collected measures sets; and 

8 CQnq)aring the initial derived measure to the peer derived measure, the 

9 initial derived measure relating to a different of derived patient information 

10 tiian the derived patient information to vidiich the peer derived measure relates. 

1 53. An storage medium according to Clahn 44, further comprising: 

2 retrieving a refo%i^ baseline comprising rec(»ded measures which each 

3 relate to patient information recorded during an initial time period and comprise 

4 either medical device measures or derived measures calculable therefrom; and 

5 obtaming at least one oftiie at least one recorded measure and tiie at least 

6 one other recorded measure from the retrieved reference baseline. 

1 54. A storage medium accordkg to Claim 44, further conqttising: 

2 providing tiered feedback compriang: 
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3 at a first level of feedback, communicatmg an interpretation of the 

4 patient status indicator to the individual patient; 

5 at a second level of feedback, communicating a notification of 

6 potentid medical conceni based on the patient status indicator to Aein^^ 

7 patient; 

8 at a third level of feedback, communicating a notification of 

9 potratial medical concern based on tbs patient status indicator to medical 

10 personnel in local proximity to the individual patient; and 

11 at a fourth level offeedback, communicating a set of 

12 reprograinming instructions based on the patient status indicator to the medical 

13 device. 
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